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GUIDELINES FOR THE COMPARISON OF HUMAN AND
HUMAN ANALOGUE BIOMECHANICAL DATA

REVIEW

The first annual report of this Ad Hoc Committee was presented December 6, 1974 n.
This established the effort to develop guidelines to ensure precise comparison of mechanical
data from diverses studies of impact events on human subjects and human analogues as the
central purpose of the committee. Furthermore, it became obvious that this should be a con-

tinuiag effort.

‘ive specific guidelines were presented. They can be summarized as requiring use of

(1) right hand orthogonal coordinate systems to define: (2) a laboratory coordinate system, (3
anatomical coordinate systems, (4) instrumentation coordinate systems and (5) initial values of

all coordinate systems for any set of experiments or observations. Several examples of anatomical
coordinate systems were given. In particular, orthogonal three dimensional coordinate systems
were defined and illustrated for the human head and the first thoracic vertebral body. References
for the use of these coordinate systems for investigation of human and humon anclogue dynamic
response were given. The ad hoc committee has adopted the five guidelines and the head and
first thoracic vertebral body anatomical coordinate sytems as previously defined and recommends

their use to the community of interest in biomechanics (1).

BACK GROUND

The guidelines specifying use of coordinate systems based on the anatomy and the instru-
mentation require continuing effort. As an aid to visualizing these coordinate systems selectio
of the origin and the first, second, and third axes of any coordinate systery within or on the anatomy

will have some approximate relation to the anterior-posterior, lateral, and superior-inferior directions

T .

of the experimental subject. In order to specify such directions a standard anatomicai position will
be described. Each anatomical segment will be positioned according to the standard position. The -

description of the standard anatomical position is Guideline 6.

Selected definitiors of anatomical coordinate systems which are prac tical to measure in the
anatomy of living humans and in the structure of analogues used in lieu of living humans will be
proposed. Also, the need for certain classes of instrumentation coordinate systems which prove

more practical for certain types of testing, for example, optimum instrume ntation placement on
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biving subjects und anthropomorphic dummies has been considered. For any defined coordinate
system it has been the policy of the committee to review the use of the coordinate system definition
as described in the literature or technicali reports before cdog.ing it. Any number of candicate
coordinate systems could be defined but only a iimited few are iikely to prove useful. For this
report the effort to propose useful coordinate systems is limited to considera:ion of the rigid

pelvis of living humans and its analogues.

PROPOSALS

Guideline 6

The use of guidelines 1 through 5 can be implemented more consistently by t e adoption of
a further guideline. In order to facilitate the seiection of anatomical points and to name ax 2s
for coordinare systems derived from the anatomical points a standard anatomicai position of : e
iiving human subject is proposed. Within this standard anatomicai position points can be loc ated,
described, and used, more readily. Aiso the first, second, and thirc axes can be more cons. stentiy
select::d and named. The intent is to have the first, second, and third axes of anatomical coordinate
system; of isolated segments align so far as possibie to each other when the human standard anatomical
positicn is established. it should be understyod thai no exact alignment is considered possibie.

Furthemore, many human anaiogues may no- have an anaiogous position which inciudes ali segments.

T'e recommended position for establishing the appropriate direction for the coordinare axes
sysiem. should be the sfandard anatomical position illustrated in Fig. 1 (2). in this position the subject
is erect with ams by the sides, palms forward. The following standard terminoiogy is used:

(1) Anterior is toward the front

{2) Left lateral is toward the side shown

(3) Superior is toward the head

W tn the anatomy aiigned as illustrated, three or more anatomicai points shou id be se.ected
and de ined for establiisning coordinate axes systems and the first axis should be cisest to rne
antericr direction (+X), the second axis shouid be closest to the left lateral direct.on (+Y). The
third a<is will be ciosest to superior direction (+Z). This guideline is drafted primariiy “or the
purpos:. of standardizing the selection of the first, second, and third axis dircctions calied for in

guideline 1 (1).
Pelvic Anatomicci Coordinate System

Tr 2 proposea cefinition of the pe.vic anaromical coordinare system is aii (657 .Gwi . CCL T8 dnC

examp, 2 given in last yecr's report, It is defined oy a triangle formed by the same reiative points
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on the right ond left anterior superior illiac spines and the most superior anterior point of the
symphysis pubis which is taken to be between the left and right putiic tubercles. The origin

is iocated at the midpoint of the line connecting the anterior superior illiac spines. The tirst

axis {(+X) is normal to the plane of the triangle which is closest to the anterior direction recom-
mended in guideline 6. The second axis (+Y) is to the left along the line connecting the anterior
superior illiac spines. The third axis (+Z) is ot right angles to the other two which is closest to

the superior direction recommended in the guideline. Tnis coordinate system witn the TiFsT, Secona
and thira axes identified by +X, +Y, and +Z respectiveliy is illustrated on the la erai and anterior-
posterior x-ray views of a 3N\® human x-ray phantom in Fig. 2 and 3. The projcction of the +Y

and +Z axis onfo the x-ray is shown inFig.2. The projection of the +X and +Z cxis is shownir Fig. 3.
Afthough use of this coordinate system has not been reported for living human velunteer biodynamic
experiments the selected reference points have been palpated to define pelvic crientation of
volunteers {2). Also, this anatomical coordinate system has been successfully sed with cadavers (3}.
Until this particular definition has been more extensively applied to living huma subjects it should
be considered only as c proposal. Furthermore, the abiiity to precisely localize the specified
anatomical points is not knowr. The value of this coordinate system needs to be determined

reiative to other possible candidate coordinate systems. There are other candidc te landmarks

on the pelvis which could be considered in the construction of the pelvic coordi.:ate axis system.
Examples are the right and left posterior superior illiac spines, centers of the rigt and left

ccetchula, and a point located on the sacrum, for example the L5-S1 interface.

PROBLEMS
Localization of Anatomical Peints

- -iici in ine development of usable anaromicaiiy based coordinate systems is the atility to
.oca.ize specified anatomical points in individual subjects by some measurement technigu::. There
cre fwo difv cuities:

a; Co sisient identification of anatomical points by sight, palpation, x-ra/, eic., from
sut ject to subject and from living human to human analogues.

{5) Mcasurement of these points in three dimensions by some repeatable measuremenr technique.

s cnnicipated that the effort ro use anatomically based coordinate systems wili stimuiate efforts
. weires de ine and identify useful anatomicai reference points in iiving humans Also, ‘echniques
tor meGsurin ; fnese points should undergo further development. This effost may r2sult in orher nore

usaoie anarcmicaily based coordinate systems.
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Anthropometry

Arthropometry must be considered in defining anatomical coordinate axes systems. The
landmarks chosen to define the anatomical axis system must be reliably and reproduc ibly located.
These: landmarks have been defined traditionaily for the purpose of establishing the initial |imits
of bedy shape and size. It is implicit in utilizing anatomical axes systems to describe dynamic
properties of the body. Therefore, these landmarks shouid have known and well defined relationships
to the body linkage systems and the anatomicai segment intertici properties. Previous reports by
severa! investigators have demonstrated that anthropometry can provide useful informa:ion but further

work is essential before definitive solutions fo many of these compiex probiems wili be availabie
(4, 5, 6).

Comparability of Human and Human Analogu =s

The effort of the last two years has been based on a presupposition that com;.arability of
biomechanical data provided from diverse sources is a necessary requirement for ‘he effective use
of these data. However, the concept for corparability can have a much troade: significance for
biomechanics. One such extension is to inciude the effort to estabiish cri eria of comparaoiiity
between living human subjects and the humar. analogues. |t is obvious tha- any anaiogue will be
comgarabie to living humans in a limited number of ways. The adequacy of the comparability
is de sendent on the purposes of the comparison. The explicit statement of these purposes aiong
with the varicbles and parameters from the it¢ms being compared must be cleariy stated. Then
criteric of adequate comparability can be est iblished. This final step is a cruciai end point of

rne biomechanical investigations seeking to ¢ 2velop analogues of the iivinj humans.

CONCLUSION

The committee has proposed a sixth guide iine which establishes a standard anatomical position
for more consistently cefining anatomical cocrdinate systems. Furfher, it has proposed a peivic
anatomical coordinate system. [t has not pro; osed any recommendation corcerning the possibility
of preferred instrumentation coordinate systen s or instrumentation performai ce. However, it
continues fo review proposals for such recommendations. A section listing : pecific fundamental
probiems with brief discussion has been addec to the report fc stimuiate con.ideration and review
of these issues by the t iomechanical communi y of interest. Our purpose is fo encourage .rives-
f.57ion in these probiam areas, to review sug jested soluiions, and present he solutions to these

problems in subsequent reports as information :-ecomes availdble.
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ADMINISTRATIVE INFORMATION
The two annual reports prepared by this ad-hoc committee are the joint efforts of the

committee membership based on their professional interests in response to the informai req. est
of an international Ad Hoc Committee on "Human Subjects for Biomechanical kesearch". As
such the conclusions and views expressed within these reports are those of the authors and do
not express the views of their organizations. Request for the inciusion of these reports in 1y
‘echnical report or publication should be addressed to the chairman wro wiii be responsib 2 for

seexing Gny requirca organizational clearance.
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SUPERIOR

FIGURE 1 ILLUSTRATION OF THE ANTERIOR, LEFT LATIRAL
AND SUPERIOR DIRECTIONS BASED ON A
STANDARD ANATOMICAL POSITION



FIGURE 2 ILLUSTRATION OF +Y, +Z PROJECTION OF
PELVIC ANATOMICAL COORDINATE SYSTEM




FIGURE 3 ILLUSTRATION OF +X, +Z PROJECTION OF
PELVIC ANATOMICAL COORDINATE SYSTEM




